Introduction {#sec1-1}
============

Cytotoxic chemotherapy as well as malignancies is associated with an increased risk of immunosuppression and occurrence of infections. The tendency to develop infection as well as its severity increases with higher dosage and longer duration of chemotherapy.\[[@ref1]\] Many factors increase the susceptibility of cancer patients to immunosuppression and subsequent infection.\[[@ref1][@ref2]\] It is a well-known fact that most anti-cancer drugs induce myelosuppression and that this in effect leads to depletion of both cellular and humoral immune system. Destruction of all the rapidly proliferating cells, which include the myeloid and lymphoid cells also occurs pre-disposing to infection.\[[@ref3]\]

Activation of T-cells occur after recognition of specific antigens through cell surface receptors and results in replication and or mediation of one of three functions; cytotoxicity, by direct killing of specific target cells; helper function, by stimulating the immune response of the other cells; and suppressor function, by inhibiting the immune response of other cells.\[[@ref4][@ref5]\] Helper T-cells are mainly cytokine secreting cells. They can be subdivided in to two major types: Type 1 (Th1), which secrete interleukin (IL)-2, and interferon- γ and type 2 (Th2), which secrete IL-4, IL-5, IL-6, and IL-10.\[[@ref4][@ref5]\] However, T-lymphocyte have an impact on practically all aspects of the immune system as a consequence of their ability to induce specific immune response in other cells.\[[@ref1][@ref4][@ref5]\]

Normal reference value for CD4 +ve T-lymphocyte count in the Caucasian population is 400-1500 cells/μL while a mean (sd) absolute CD4 count of 665.6 (246.8) within 95% confidence interval (CI) of 588.7-742.5 cells/μL was obtained in a Tanzanian study of which majority were blacks.\[[@ref6]\] However, studies carried out at Jos University Teaching Hospital reported a mean CD4 +ve T-lymphocyte count of 830 cells/μL, with a range of 514-1207 cells/μL, in healthy Nigerian adults.\[[@ref7]\] It is known that some malignancies as well as their treatment cause marked and sustained depletion of CD4 +ve T-lymphocyte count.\[[@ref6]\] Previous reports in human immunodeficiency virus (HIV) infection have shown that susceptibility to opportunistic infection increases dramatically with CD4 +ve T-cell counts less than 200 cells/μL.\[[@ref8]\] It then follows that any condition which depletes the CD4 +ve T-cell count appreciably will also render these patients susceptible to these infections.

Lymphopenia as well as CD4 lymphocyte depletion also occurs alongside neutropenia in cancer patients and have been noted in some studies as a predictor of early death in patients on chemotherapy.\[[@ref2]\] The occurrence of immunosuppression and thus infection in cancer patients presents additional challenges in management and care of these patients. Some cytotoxic combinations may have a more deleterious effect in this regard than others. Standard chemotherapy regimen may need to be altered in dosage or duration to avoid these deleterious outcomes. Prophylactic or therapeutic antibiotics may be required in addition to antifungal and antiviral agents.

This central role played by the CD4 lymphocytes in mounting an immune response should not be neglected. It is therefore necessary to assess the immune status of every individual before and during each course of chemotherapy as both granulocyte and lymphocytes contribute to immuno-competence. This study aims to assess the changes in CD4 lymphocyte counts occurring in cancer patients as a possible modality of evaluating a more potent cell lineage involved in both cellular and humoral immune response.

Subjects and Methods {#sec1-2}
====================

The study was conducted on cancer patients seen at the University of Nigeria Teaching Hospital, Enugu, Nigeria. This is a tertiary health institution and a referral center located in the Southeastern part of Nigeria. Patients, who gave informed consent, were recruited from the Oncology clinic of the hospital, which operates a joint clinic run by the general surgery, hematology/oncology, gynecology as well as other medical and surgical specialties involved in cancer care and treatment. Ethical clearance was obtained from the hospital Ethical Review Committee.

Eighty adult patients who had been histologically diagnosed with malignancy (which is usually treated with cytotoxic chemotherapy) and had not received any form of cytotoxic chemotherapy were recruited consecutively from the out-patient department and wards. For each patient who was chemotherapy--naïve and gave written informed consent, 3 mlofanti-coagulated venous blood was collected prior to chemotherapy and on the 12^th^ day of the first cycle of cytotoxic treatment. Patients who had diagnosed concurrent infections of any type or who had received any form of cytotoxic agents in the past were exempted. Their CD4 lymphocyte estimation was carried out using flow cytometry (Partec Cyflow^®^ Automatic CD4 cell counter).

Data were processed on desktop computers using Graph Pad Prism 2.0^®^ (United Kingdom, 2009) software package. Inferential analysis was carried out using a non-parametric *t*-test (Mann-Whitney test of significance) as the data collected had a non-Gaussian distribution. The transformed data was then used for the calculation of the paired sample *t*-test for the individual patient groups. Data transformation was performed using the log scale to obtain a normally distributed data set. Statistical significance was set at *P* \< 0.05, with a 95%CI.

Results {#sec1-3}
=======

The patient\'s ages ranged from 18 years to 80 years, with a median age of 45 years. There were 27/80 males (33.7%) and 53/80 females (66.2%). There were 4 patients in the 18-20 year age group, 8 patients aged 21-30 years, 18 patients aged 31-40 years, 24 patients aged 41-50 years, 11 patients aged 51-60 years, 11 patients aged 61-70 years, and 4 patients were over 70 years of age. The two most common malignancies, which together accounted for more than 60% (48/80) of the cases were breast cancer 36/80 cases (45%), and non-Hodgkin\'s lymphoma (NHL) 16.2% (13/80), forty one (51.3% - 41/80) of the patients presented in the early stage of their malignancies while 39/80 (48.7%) of them presented with advanced cancers.

In all 36/80 (45%) cases of breast cancer were seen and these patient\'s ages ranged from 26 years to 69 years with a mean age of 47.58 years and this consisted of 97% (35/36) females and 3% (1/36) male patient. Most of the patients (58.3%-21/36) presented with advanced disease while 15/36 (41.7%) of them presented with the early stage of the disease. Their mean CD4 counts pre-and post-chemotherapy are shown in [Table 1](#T1){ref-type="table"}.
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Mean values CD4 counts recorded in different malignancies pre- and post-chemotherapy
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A total of 8/80 (10%) of the patients had NHL, 6/8 (75%) of these were males while 2/8 (25%) were females and their ages ranged from 18 to 67 and a mean age of 39.13 years. A total of 6/8 (75%) of the patients presented with the early stages of the disease (stages I and II) while 2/8 (25%) presented with the later stages of the disease.

A total of 13/80 (16.2%) of the cases had Hodgkin\'s lymphoma, age 18-65 years with a mean age of 37.9 years. Of these 9/13 (69.2%) presented with the early stages of the disease while 4/13 (30.8%) had the advanced stages of the disease. A total of 7/13 (53.8%) of them were males while 6/13 (46.2%) were females.

In all, 7/80 (8.8%) of the patients had multiple myeloma, of whom 4/7 (57.1%) were males and 3/7 (42.9%) were females. Their ages ranged from 31 years to 75 years, with a median age of 58 years. The majority of patients, 6/7 (85.7%) presented with advanced disease (Durie and Salmon stages III or IIb), while only one patient had early disease.

A total of 6/80 (7.5%) patients in all, 3/6 (50%) males and 3/6 (50%) females, had colorectal carcinoma. Their ages ranged from 32 years to 80 years, with a median age of 46 years, and 4/6 (66.7%) had early disease while 2/6 (33.3%) had late disease.

The changes in each individuals patients CD4 count with chemotherapy are shown in [Figure 1](#F1){ref-type="fig"}. The overall mean CD4 lymphocyte count pre-and post-chemotherapy was observed to be 567 (341) cells/μL and 349 (207) cells/μL while the median values were 454 cells/μL and 349 cells/μL respectively. The mean (sd) pre-chemotherapy CD4 lymphocyte count was 534 (326) cells/μL for males and 625 (371) cells/μL for females \[[Figure 2](#F2){ref-type="fig"}\]. While the mean post-chemotherapy CD4 counts were; 363 (175) cells/μL for males and 436 (243) cells/μL for females.
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A significant drop in the CD4 lymphocyte count was observed in breast cancer patients (*P* \< 0.001). Majority of the patients in this group received cyclophosphamide and adriamycin, which caused a significant CD4 lymphopenia (*P* \< 0.001), compared to those on cyclophosphamide and epirubicin (*P* = 0.96). Patients who had NHL were also observed to have significant lymphopenia (*P* = 0.04), and 75% (6/8) of these patients were given cyclophosphamide, hydroxodaunorubicin, vincristine, and prednisolone (CHOP) regimen. Patients who had Hodgkin\'s lymphoma were placed on adriamycin, bleomycin, vinblastine and dacarbazine (ABVD) (53.8% - 7/13) or cyclophosphamide, oncovin, procarbazine and prednisolone (COPP) (46.2% - 6/13). Those on ABVD showed a lower CD4 depletion (*P* = 0.57) than those on COPP (*P* = 0.04). The variations in day 12 CD4 lymphocyte counts observed in the various cancer groups are shown in [Figure 3](#F3){ref-type="fig"} with the various cytotoxic combinations are recorded in [Table 2](#T2){ref-type="table"} while the observations in various types of cancers are noted in [Table 1](#T1){ref-type="table"}.
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Observed mean CD4 counts with different cytotoxic regimen
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Figures [1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"} show the variation in CD4 counts for the various malignancies as well as variations in patients on the various cytotoxic drug combinations.

Discussion {#sec1-4}
==========

The mean (sd) CD4 lymphocyte count recorded before and after chemotherapy in this study was found to be 594 and 412 cells/μL, which was within the normal reference ranges for Nigerians, except the day 12 CD4 lymphocyte count. The change in this parameter from the pre-chemotherapy values was statistically significant. This is similar to the findings of Khan *et al*. in his study on solid tumors.\[[@ref9]\]

Breast cancer {#sec2-1}
-------------

Individuals diagnosed with breast cancer in this study were observed to have a significant depletion in their CD4 lymphocyte values. This is similar to the findings of Hakim *et al*., although in their study the patients received5-fluoroucil, leucovorin, adriamycin, cytoxan\[[@ref10]\] or paclitaxel and evaluation was carried out after the1^st^ month of therapy. It was also observed in this study that adriamycin (hydroxodaunorubicin), when replaced by epirubicin caused less significant CD4 lymphopenia *P* = 0.96). Larger studies may be required to promote the use of epirubicin over daunorubicin, which causes additional cardiotoxicicty. Non-Hodgkin\'s lymphoma

The change in CD4 lymphocyte count in these patients were found to be significant (*P* = 0.04), most of the patients in this group received CHOP chemotherapy. In the study carried out by Mackall significant depression in CD4 count was observed, however, the NHL patients in this study received higher doses of chemotherapy (cyclophosphamide 1.6 g/m^2^).\[[@ref11]\] Though in these studies a low baseline CD4 count was recorded, this was not supported by our study. The absence of an alternative regimen to CHOP restricted the ability of this study to offer due comparison.

Hodgkin\'s lymphoma {#sec2-2}
-------------------

Individuals with Hodgkin\'s lymphoma in this study had normal baseline mean CD4 counts as observed in previous studies. There was significant depletion in CD4 lymphocyte values in patients who received COPP (*P* = 0.04) compared to those who received ABVD (*P* = 0.57). This observation is not supported by any previous study; however, ABVD has been noted to increase overall survival and disease free survival in Hodgkin\'s lymphoma patients. Previous reports show that ABVD is less toxic to the gonads, and thus cause less infertility than COPP, findings of this study; however suggests that it may actually be less immunotoxic. Though a larger study may be required to confirm the safety of ABVD over COPP, there will be few indications to use the older regimen as more studies show the superiority of the newer combination.

Multiple myeloma {#sec2-3}
----------------

The mean pre-chemotherapy CD4 count was within normal reference range, this was similar to the finding by Borg\'s group, who recorded a median CD4 count of 650 cells/μL.\[[@ref12]\] However, in this study melphalan-based combinations were used for the majority of the patients, while in Borg\'s study other dexamethasone-based combinations were preferred. Though similar outcomes were recorded in both studies, it must be noted that in Borg\'s study some of the patients had been exposed to previous chemotherapeutic treatment and the pre-chemotherapy values were assessed on day 5 of the cycle.

Colorectal carcinoma {#sec2-4}
--------------------

Individuals in this group received the most varied collection of chemotherapeutic agents this indicates the varied choices of the managing surgeon. A significant depletion of the CD4 count in these patients were observed, Milasiene *et al*. had noted that in patients with colorectal cancer a low CD4 lymphocyte count pre-surgery was positively correlated with reduced survival.\[[@ref13]\] This buttresses the point that any regimen to be used in this group of patients should have the least toxic effect on the lymphocyte series.

Other malignancies {#sec2-5}
------------------

The pre-chemotherapy mean CD4 count in this group was the second lowest, after Hodgkin\'s lymphoma, also the change in this parameter was found to be significant. The individuals in this group had a wide variety of malignancies viz.; osteosarcoma, cervical cancer, liposarcoma, squamous cell carcinoma, histiocytoma, seminomaas well as cancers of the larynx, ovaries, stomach, and urinary bladder. These patients also received a wider variety of drugs compared to other groups; it is therefore not surprising that the change in both parameters were found to be significant in this study as had been observed in others studies.

Depletion of CD4 lymphocytes due to chemotherapy may be such as to approach counts seen in HIV infection and therefore leads to occurrence of opportunistic infections. Significant differences exist in the degree of lymphopenia caused by the various cytotoxic combinations. Larger studies will be required to evaluate the degree of immunosuppression observed with the different agents and less toxic agents may be favored in order to reduce morbidity and mortality.

Conclusion {#sec1-5}
==========

Chemotherapeutic regimen including cyclophosphamide/adriamcyin, as well as COPP have been found in this study to cause significant depletion in CD4 lymphocyte of patients. Patients on these combinations will suffer more CD4 lymphopenia and may require prophylactic antiviral and anti-fungal agents, but further studies are required to validate these findings. Findings of this study indicate that cyclophosphamide/epirubicin combination for treatment of breast cancer, as well as ABVD, used in treating Hodgkin\'s lymphoma, causes less significant CD4 lymphopenia. Further studies involving larger patient groups may be necessary to consolidate on this finding and also proffer less immunotoxic combinations, in order to reduce hospital stay and improve overall survival.

Limitations of the study {#sec2-6}
------------------------

The low number of patients recruited for this study caused an obvious limitation in the interpretation of the findings of this study and its power.
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